Abstract-Accurately grasping the performance quality status of the missile is a prerequisite for ensuring the completion of the operational task. At present,in a real missile launch exercise,in order to ensure the success of the launch,the method of fist passing the test and then launching is usually adopted.This method can hardly meet the large-scale,high-volume and highefficiency operational requirements in the future battlefield.In order to meet the future operational requirements,based on the past test data of the performance parameters of the missile and the information of daily management and stored,combined the information of actual missile launch results,this paper uses grey theory,linear weighted comprehensive evaluation and SVM to accurately predict the performance quality status of the missile,and provide technical support for operational decisionmaking.
INTRODUCTION
The effect of the missile mainly depends on the status of its own performance and quality, and the performance quality of the missile is accurately mastered, which plays an important role in the operation and management decision of the army. At present, in the real missile launching rehearsal, the launching missile is tested first, and the launch is carried out after the test confirms that the performance quality of the missile is qualified. Because the missile is a multilevel complex weapon system, the data parameters are numerous and the test time consuming and energy consuming, which takes up a lot of time during the whole practice. However, in the future joint operations, the missile forces are inevitably faced with large-scale and efficient operations. If we still use the mode of launching after testing the missile first, we will surely bungle the chance of winning a battle. Therefore, accurate prediction of the missile's performance quality status is the inevitable requirement for the missile troops, and is also of great significance for the future joint operations. This paper, based on the test data of missile performance parameters and daily management and storage information, combined with the result information of live launch, uses grey theory, linear weighted comprehensive evaluation and support vector machine to predict the performance quality status of missile performance parameters, subsystems and whole missile system in turn. It provides a way for prediction of missile performance quality status.
II.
PREDICTION IDEAS
First, the grey prediction has the advantages of few samples, simple calculation and high precision of short-term prediction. The effect is better for small data samples and single step prediction [1, 2] . Although the data amount of the whole missile is very large, the amount of data to a single parameter is still very small. Therefore, we can use grey theory to predict the parameters data of missile based on the information collected in the past.
Secondly, the linear weighted comprehensive evaluation method has the advantages of easy calculation, easy to apply and popularize. It can evaluate the performance quality status of subsystems of the missile by the method of linear weighted comprehensive evaluation according to the prediction results of the parameters and the daily management and storage information.
Finally, the support vector machine (SVM) has a mature theoretical basis, and its generalization performance is very good. It has strong advantages in dealing with the nonlinear high dimensional number and local minima of small sample data, and can be extended to other machine learning problems, such as function fitting [3] . The support vector mechanism can be used to build a model to establish the relationship between the missile launching result information and the performance quality status of subsystems, so as to realize the reliable prediction of the performance quality status of the missile to be launched.
The prediction process of the performance quality status of the missile is shown in Figure 1 . 
PREDICTION OF MISSILE PERFORMANCE PARAMETERS BASED ON GREY THEORY
Taking the performance parameter A of a missile warhead as an example, the GM (1,1) prediction model is selected for 3 years' prediction (test data of parameter A refer to table 1). 
corresponds to the output of the system at the time. Grey differential equation is:
Among them, a is the development coefficient, b is the grey function, and z (1) (k) is the background value of x (1) 
The least squares method is used to estimate parameters a and b, and the parameter It is discretized into a time response sequence
is a modeling prediction sequence based on 
B. Prediction Results
We compare the raw data and predicted data of parameter A, as shown in Table 2 .
Similarly, grey prediction can be used to predict other performance parameters of the missile. 
QUALITY STATUS ASSESSMENT OF SUBSYSTEMS BASED ON LINEAR WEIGHTED COMPREHENSIVE EVALUATION
The performance quality assessment of the missile subsystems depends not only on the performance parameters, but also in the comprehensive consideration of the service resume and appearance information, which are mainly derived from the daily management and storage. Taking a missile warhead as an example, the evaluation system of warhead performance quality status is established, as shown in Figure 2 . The linear weighted comprehensive evaluation method is applied to evaluate its performance and quality. In the same way, on the basis of the parameters of the grey prediction, combined with the daily management and storage information, the evaluation value of the performance quality of other subsystems can be obtained by using the linear weighted comprehensive evaluation method.
V.
PREDICTION OF PERFORMANCE QUALITY STATUS OF THE WHOLE MISSILE SYSTEM BASED ON SVM

A. Prediction Ideas of SVM
First, we establish a one-to-one correspondence between the hitting effect of missile such as the landing point CEP and the quality level of the whole missile system. According to the results of the live launching, the whole missile system is divided into excellent, good, general and unqualified, and it is used as the output of SVM. Performance quality status evaluation of subsystems before launch is used as input of SVM. The input and output of a one-to-one corresponding support vector machine are established on the basis of the information before and after missiles' live launching. Then we use the sample data to train the support vector machine to determine the penalty factor and kernel function. Finally, the performance quality assessment results of subsystems of the missile to be launched are put into the established support vector machine prediction model to predicte the performance quality status of the whole missile system
B. SVM Modeling
When using SVM modeling, the training sample is mapped to a high dimensional space by inner product kernel function. In this high dimensional space, the maximum classification hyperplane is established. SVM improves its generalization ability by searching the least risk structure to improve its generalization ability [4] . The mapping of nonlinear data to high dimensional space is shown in Figure 3 . Generally speaking, the essence of SVM is the two class classification problem, which can be regarded as a linear classifier to find the maximum classification interval in a feature space, which maximizes the classification interval. In support vector machines, the main parameters that mainly affect their learning efficiency and generalization ability are the value of the penalty factor c and the kernel function parameter g, but the support vector machine does not provide a simple method to select the two parameters well. In the practical application, chaos optimization, genetic algorithm and grid search are generally used to search for the optimal parameter of support vector machines [5] . The chaotic optimization and genetic algorithms are applicable to the processing of large sample data, but the optimal parameters are uncertain, and the optimal parameters can not be obtained. The grid search method can search all the parameters within the specified range, and can determine the optimal parameters, so it is suitable for the processing of small sample data, but the prediction rate is slow. For missile such special equipment, the number of firing rounds is not very large, and the available samples are relatively few. Therefore, grid search method is adopted here.
The basic principle of grid search method is to find all the required parameter combinations in a given rectangular range according to the given step size. The specific steps are as follows [6] :
Step 1: The values of c and g in grid search are set in a reasonable range and the corresponding step length is determined. At this point, a two-dimensional grid is constructed on the coordinate system of c and g.
Step 2: A pair of parameters (c, g) is extracted from the constructed coordinate system, and the training samples are trained by LIBSVM software, then the test sample is used to predict the support vector machine, and the accuracy rate is recorded.
Step 3: Repeat Step 2 until all parameter combinations in the two-dimensional mesh are trained once.
Step 4: Finally, all parameters are represented by contour lines (c, g), and the best values of c and g are determined.
When using SVM to predict the performance quality of a certain type of missile, 15 input nodes, that is, the performance quality assessment value of 15 subsystems, and 4 output nodes, are "1,2,3,4", representing "excellent, good, general and unqualified".
C. Performance Quality Status Prediction
Using 26 launched missiles in Table 3 as learning samples, the missile performance quality status prediction model is constructed by LIBSVM software. In Table 4 , 4 launched missiles are tested samples. The penalty factor c and kernel function parameter g obtained by grid search method and its contour lines are shown in Figure 4 . c=0.00097656, g=64 can be seen from the diagram. The recognition rate is 100%. III. PERFORMANCE QUALITY STATUS EVALUATION OF 26 MISSILES LAUNCHED BY A DEPARTMENT   number  status  level   the  whole  missile  system   I1  I2  I3  I4  I5  I6  I7  I8  I9  I10  I11  I12  I13  I14  I15   1 the  whole  missile  system   I1  I2  I3  I4  I5  I6  I7  I8  I9  I10  I11  I12  I13  I14  I15   27 After testing the samples, it is found that the predicted results of the 4 missiles are consistent with the actual results, as shown in Table 5 . 
CONCLUSION
In the future joint operations, the missile force must face large-scale and efficient operations, which requires that the missile force has the ability to launch mass missiles quickly and accurately. But in the current practice of real missile launch, the traditional method of testing qualified first is usually adopted, although it can guarantee the effect of missile strike, but it is difficult to meet the needs of the real battlefield. In this paper, based on the test data of missile performance parameters and daily management and storage information, using grey theory and linear weighted comprehensive evaluation method, the missile performance parameters are predicted and subsystems performance quality status are evaluated. Finally, on the basis of the in-depth study of the actual missile launch information, Support vector machine (SVM) is used to predict the quality status of whole missile, which provides a way to predict the performance quality of missile. The example shows that this method can accurately predict the performance quality status of missile.
